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1.0 INTRODUCTION 

The objectwe of T m b d  Memorandum No 2 is to ident~fy, evaluate, and select an 
appropnate offgas treatment technology for removal of VOCs from extracted sod gas The 
pnmary cntem for tttIs selechon is that it meets performance standards for apphcabons 
planned at OU-2, Mot Test Sites No 1 and No 2 

The remew addresses the existmg SVE pdot urut and the additronal system design 
requirements for thermally enhanced removal of organics uang Sa-Phase Electr~cal Sod 
Heatmg (SPSH) Nonaqueous phase liquids (NAPLs) idenQfied in the subsurface soils from 
previous dnlhng programs have the potenhd to exceed the existmg capamty of the offgas' 
treatment sistem using Granular Actwated Carbon (GAC). 

An important secondaty ~ntena is that the design meets the potent~al requirements of future 
offgas treatment applicabons for additional SVE programs at the Rocky Flats Plant (RFP) 
site This requlrcs the treatment system to be portable, to be able to effiaently treat a broad 
range of contamrnant mcentrabons, and to be an established and proven technology at the 
size or capaaty bemg considered The scope of identlficaoon, evaluatlon, and selectron of 
the treatment system is limited to technologies which can be retrofitted to the exlstmg SVE 
pilot unit and operated in a self-contamed manner 

1.1 P R O ~ O V E R V I E W  

In September 1992, the Department of Energy/Rocky Flats Office (DOURFO) released a 
final subsurface Intenm Measure/Intenm Remedial Actton Plan (IM/IRAP) to invesogate the 
removal of volable organic compound (VOC) contarmnabon from lhrce areas within 
Operable Umt 2 (OU-2) Specifically, the SVE technology would bc pdot tested within, or 
adjacent to, suspected VOC source areas in the 903 Pad, Mound, and East Trenches The 
Final Pilot Test Plan for the SVE technology was submitted to the Colorado Department of 
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Health (CDH) and Enwonmental Protechon Agency @PA) in January 1993, for Pilot Test 
Site No 1 at the East Trenches (DOE 1993a) 

In 1993, a pilot SVE umt uslng GAC for offgas treatment was fabncated off site The unit 
was mstalled at Trench T-3, Indimdual Hazardous Substance Site (IHSS) 110 w i h  OU-2 
h o t  Test No 1 is currently m progress. pllot Test Site No. 2, scheduled for Spnng 1995, 
will mmprate SPSH with the SVE technology 

In support of the pdot tests, this document is prepared to identrfy and evaluate the 
requirements for an altcmahve offgas treatment system Th~s system would be used with 
the exlshng SVE pdot u t  the SPSH system Techcal Memorandum No 2 will 
idenhfy and *recommend an dtemahve offgas treatment system to be designed and purchased 
to support the SVE pht  tests The potent~al sitewide applicabon of the SVE system and 
altematwe offgas treatment wdl also be evaluated 

1.2 MEMoRANDuMoBJEcTIyEs 

The purpose of tlus technical memorandum is to idenbfy, evaluate, and recommend an offgas 
treatment system to support the SPSH and SVE technology pilot tests, The memorandum 
objechves include the followmg 

0 Rewew and summarue the obje~bve~ for the WIRAP, mot Test Site No 1,  
Wot Test Site No 2, and any additlonal pdot tests 

0 Revlew and summanze the nature and extent of mntaminaQon at the pilot test 
site 

0 Define the au emission standards or limts that the offgas treatment system 
would be required to achieve 
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0 Idenofy the dmgn cntena for an offgas treatment system for the SVE and 
SIX-phase hcatmg technologies 

0 Evaluate vanous offgas treatment systems wth respect to effmvenm, 
implementabWy and cost The implmtability cntma wrll mclude 
rehabd~ty, compabbbty wth the exlstmg SVE unit, technology matunty, 
opemt~on and maurtenance requirements, and adverse impacts. 

0 Idenhfy by-products from the SVE, SPSH, and offgas treatment systems 

0 Develop alternat~vcs for offgas treatment I 

0 Idenbfy requved modificat~ons to the existmg SVE pilot system. 

0 Idenbfy and recommend an offgas treatment altcmatm to support the pilot 
tests 

1.3 ORGANIZATION 

TM No. 2 is orgaruzed mto aght secbons including references and appendixes. 

0 Secbon 1 0, Introducbon, presents the project ovemew, the memorandum 
ObjCCtlVCS, and project OrganizaOon. 

0 Sechon 2.0, Evaluaoon Approach and Pdot Test O b j e c b ~ e ~ ,  presents the 
approach for developing and evaluatrng the offgas trqtment altcmatrves, 
IMIIRAP O~JCC~IVCS, and the pilot test O ~ J C C ~ ~ V C S  



~ 

EG&G ROCKY FLATS PLANT Manual RFPERM-9-8 
OU-2 offgas Treatment Revision No 0 
Alternatives Evaluaoon pase 4 of 95 
Technical Memorandum No 2 Organization Envuonmental Science and Engineering 

Sect~on 3.0, mot Test Site Subsurface Condihons, presents the nature and 
extent of c o n u Q o n  at the pilot test ate, sol1 charactensbcs, and soil gas 
s w t y  mults. 

Section 4 0, Basls of Design for Offgas Treatment, presents the design and 
opuatmg cntena for the SVE system, design mtena, and ar emission limits 
for an offgas treatment system 

SwtIon 5.0, Technology Idenbficabon and Screenmg, presents offga 
treatment technologtes and an evaluatlon or screening of these technologies 
wth respect to eff~veness and implementability - I 

Sect1011 6.0, Development and Evaluatlon of Altematrves, presents a summary 
of the dcslgn Ws and altemabves for offgas treatment This sectron will 
present cost estimates associated unth these alternatlves Ttus sectlon unll 

also present a bnef summary of the report and recommends an offgas 
treatment altunatlve. 

Sect~on 7.0 amtans the references 

The Appendix wdl mtam capital and O&M costs for each atternatwe 
I 
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2.0 EVALUATION APPROACH AND P U T  TEST OBJECTIVES 

The followmg sectfons idenbfy the approach for developmg and evaluabng the offgas 
treatment altemabves and also prescnt the o b j e ~ t ~ ~ e ~  of the Rlot Test Sites No 1 and No 2 

2.1 OF'FGAS TREATMENT EVALUATION APPROACH 

A design basis wdl be developed to evaluate potenbal altemattves for offgas treatment for 
SVE and SPSH Thls desgn basis wll include the site subsurf.. condibons, the design 
cntena for the existmg SVE system and SPSH, regulatory requirements, site-specific 
cntena, and any waste management restncbons 
idenbfied d i m g  the Phase I and Phase Il Resource Conservatm and Recovery Act (RCRA) 
Facllity InvesbgabodRemedral Invesbgabon (RFI/lU) and soil gas surveys peaformed as part 
of the SVE Mot Test Site No 1 

The subsurface condibons have been' 

Potenbally apphcable offgas treatment technologies wdl be idenbfied, descnbed, and 
evaluated wth respect to effecrtveness and implementability This evaluabon wdl involve 
a review and screerung of each technology and idenhficatm of reaned technologies for 
evaluabon and conslderatlon as a treatment dternahve 

Each of the retamed technolog~es wrll be developed into alternabves The altematwes will 
be conceptual level desgns identtfymg all major pieces of equipment, power requirements, 
ubhes need&, and generabon, treatment, and disposal of by-products The altemabves will 
be developed m conformance to the design cntena and to meet the treatment objecttves 
Capital and Opemhng and Mamtenance (O&M) costs will be esbmated for each alternabve 
The altemabves wdl then be evaluated with respect to effecttveness, implementability, and 
cost A companson of alternatwes wll be performed and a preferred altemabve will be 
recommended for further design 
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2.2 IM/IRAPoBJEcllvEs 

The IM/Il€AP objectwe was to mvesbgate the removal of VOC contammabon m suspected 
subsurface areas at OU-2 uslng SVE technology had idenhfied three 
locabons to test SVE technology 903 Pad, Mound, and East Trenches Mot Test Sites 
No 1 and No. 2 are discussed below 

The 

2.3 P U T  TEST SITE NO. 1 OBJECTIVES 

pllot Test Site No 1 for the SVE technology was selected based on sod gas survey data and 
known contaminahon at thrs parhcular site The followng are overall O ~ J ~ C ~ I V ~ S  of the pdot 1 

study 

e Assess the SVE technology for Emoval of VOCs in the Rocky Flats Alluvium 
P A )  fonnahon 

e Assess the SVE technology for removal of VOCs m sandstone with 
groundwater cxtracbon 

0 Assess acttve versus passive atr InjecQon. 

e Incoxprate mformabon into the Correctwe Measure Study/Feasibility Study 
(CMSIFS). 

0 Minimize adverse effects to environment dunng the pilot test 
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2.4 mLOT TEST SITE NO. 2 OBJECTI(yEs 

The purpose of the Riot Test Site No. 2 for SPSH is  to deterrmne if this technoiogy is a cost 
effectwe means of cnhanmg conventional SVE for removal of VOCs at the Rocky Flats site. 

The foiiowng overaii objecttves of the plot study are 

Assess the abhty of SPSH to accelerate the rate of removal of VOCs over 
convenbonal SVE at the Rocky Fiats slte 

Assess the ab&@ of SPSH to increase the extent of removal over convenbond ' 
SVE of VOCs exlstlng wth mhibitmg co-contaminants at the Rocky Flats slte 

To collect sufficient data to project emnorme faibihty and O&M relrabllity 
of add~t~onal apphcahons of SPSH-SVE at other Rocky Flats sites. 
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3.0 PIU)T TEST SITE SUBSURFACE CONDITIONS 

The locabon for Mot Test Sites No 1 and No 2 is Trcnch T-3 (IHSS 110) as shown on 

of South Walnut Creek Tnench T-3 was used from 1954 to 1963 for b u d  of sanitary 
sewage sludge contarmnatad wth depleted uranium and plutonium M adhbon to flattened 
drums contammated wth depleted uranium The nature and extent of contammabon wthin 
subsurface sods and sod gas in the VlcllufY of Trench T-3 are discussed below, 

Figure 3 1-1, W h c h  IS located north Of Central Avenue, a t  Of the m m  face, and south 

3.1 SUBSURFACESOILS 

Three sour;! boreholes, three plume charactenzitton mmtonng wells, one plot borehole, 
and seven SVE locabons were dnlled and sampled dunng Phase I, Phase II, and SVE 
invesbgabons to characterize the verbcat extent of contammatron m Trench T-3 (10191, 
02991, 12191, 21693, 22493, BH3987, BH4087, 24093, 24193, 24493, 24593, 24693, 
24793, and 25093) The subsurface sod sample results from these boreholes and wells were 
used in the stattsbcal detecbon frequency calculattons (Table 3 1-1 and Figures 3 1-2, and 
3 1-3,) 

Seventeen VOCs were detected in subsurface soil samples collected wthm Trench T-3 (IHSS 
110), as shown on Table 3 1-1 Some of these are suspected laboratmy and field 
contarmnants (sce the OU-2 Phase II RFI/RI report [DOE 1993bJ for further Qscussion); 
(acetone, toluene, methylene chlonde, and 2-bumone) Free product was obsewed ~fl 

borehole 10191 at a depth of 4 2 feet dunng dnlling Source borehqle 10191 exhibited 
elevated levels of 1 , 1 ,l-tnchloroethane (TCA), carbon tetrachlonde (CCl,), chloroform 
(CHCI,), tetrachloroethene (PCE), and tnchloroethene (TCE) in the samples collected above 
the i n i ~ a l  water at the &me of dnlling In general, the concentrabons of the chlonnated 
hydrocarbons (CHCs) decreased with depth in the vadose zone in source borehole 10191 

- 
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Below the water table, ConcentraQons increased agam, but to levels sigmficantly lower than 
those seen m the vadose zone 

Ten SVOCs were detected m subsurface mil samples collected wthin Trench T-3, as shown 
on Table 3.1-1 

Aroclor-1254, a polychlomted biphenyl (PCB), was detected at an esbmated ConcentraOon 
of 6,900 pg/kg 111 borehole 10191 from 1 out of 21 samples analyzed, taken at the depth of 
4 2 to 8 feet, as shown on Table 3 1-1. 

hght radionuclides detected at actlwtles above the background upper tolerance hrmts (UTLs) 
are presented 111 Table 3 1-1 Elevated levels of radionuclides are concentrated m the 4 2- 
to 8-foot mterval of borehole 10191 and generally decrease wth depth, indicahng the source 
of radionuclides to be wtlun Trench T-3. Trench T-3 is estrmated to be between 5 and 10 
feet deep 

The subsurface soil analytical data collected from Trench T-3 indicate that it is a source of 
VOC contaminatlon (1 , 1 , 1-TCA, CCl,, CHC13, PCE, TCE, and 1,ZDCA) to the subsurfkce 
soil and potenbally to upper hydrostrabgraphic umt (UHSU) groundwater The 
concentratlons of CHCs decrease with depth down to the water table There is minor 
contaminatlon by polyaromabc hydrocarbons (PAHs) and other SVOCs Elevated actwitles 

L-* J 
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of Am-241, Pu-239, Pu-239/240, U-233,234, U-235, and U-238 are also present in Trench 
T-3 

3.2 SOILGAS 

Two soil gas surveys have been performed around Trench T-3 (IHSS 110) Both a shallow 
and a deeper survey have been car~~ed out The findmgs of the soil gas surveys are 
summanzed below The shallow (near surf' less than a depth of five feet) soil gas survey 
analyses included the followmg VOCs: 

e 

e 

e 

e 

0 

0 

0 

1,  ldichloroethcne @CE) 
trans- 1,24chloroethene (trans- 1,2-DCE) 

1 ,  ldichloroethane @CA) 

cct 
PCE 
TCE 
Vmyl chlonde 
Total VOCs 

C i s - l , 2 d i ~ h l ~ t h e n ~  (CiS-l,2-DCE) 

1,2-DCA 

1,l-DCE, trans-1,2-DCE, as-l,2-DCE, and 1,2-DCA were not detected in the sod vapor 
1,l-DCA wa&detected UI 16 of 35 sampling locabons and concentrattons ranged from 40 to 
1,900 pg/l CCb was detected in 18 of the 35 samplrng locahons with concentrabons 
ranglng from 0 36 to 111 pgll PCE was detected in 22 of the 35 sampling lmbons with 
concentrabons rangrng from 0 11 to 410 pg/l TCE was detected in l4-of the 35 sampling 
locabons with concentrabons rangmg from 1 2 to 21 pg/l Vinyl chlonde was detected in 

two sampling lmhons at concentrahms less than 23 pg/l 
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Review of the spaW distnbutmn of the sod gas data in Trench T-3 mdicata that CCt  may 
be found only m the west end of the trench (west of borehole 10191) The PCE sod gas 
plume is located m the west central part of Trench T-3 (located east of borehole 10191 and 
around the SVE wells and boreholes). The TCE sod gas plume is sirmlar in locabon to the 
PCE plume Two elevated total VOC conccntrabon ateas are observed in and around Trench 
T-3 One is located m the west central part of Trench T-3 (around the SVE wells and 
boreholes) and the secund is located on the western end of Trench T-3 (west of borehole 
10191) 

h 

The deeper sod gas survey (two surveys from depths of 5 and 10 feet) analytes are shown 

in Table 3 2-1 and mclude. I 

0 1,l-DCA 
0 cct 
e PCE 
0 TCE 
0 Total VOCs 

Based on the evaluabon of the soil gas obtsuned from the 5-foot samplmg mtervals, total 
VOCs appear to be concentrated on the western part of Trench T-3 (around borehole 10191) 
The CCb sod vapor plume i s  located west of Trench T-3 boundary, while 1,l-DCA, PCE, 
and TCE arcktocated at the western end of Trench T-3 

Review of the sod gas data &tamed from a depth of 10 feet indicates that total VOCs, CCl,, 
and PCE were observed at hgher concentrahons than at the 5-foot depth 1,l-DCA was not 
detected m the 10-foot sample and TCE was detected at relatwely low concentrahons 
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3.3 NONAQUEOUS PEASE LIQUID WAPL) 

A free phase NAPL, dark-brown ln color, was observed m borehole 10191 (Phase II WVRI 
program) at a depth of approximately 4 feet and a residual NAPL was idenbfied at 
approximately 6 5 to 7 feet d m g  dnlling operaaons Borehole 10191 was dnlled to a 
depth of 54 feet in three days. Analytical results &taured at this depth indicated the NAPL 
to contam the followmg chemcals. 1, 1 , 1-TCA (13,000 pg/kg or ppb), CCl, (28,OOO pg/kg), 
CHC1, (8,800 Pglkg), PCE (1,300,000 Pg/kg), and TCE (120,000 ~cg/kg). 

Based on the physical propemes that control the nugrabon of NAPLs, thm free phase 
existence m or beneath Trench T-3 is unclear It is possrble that the free phase NAPL' 
observed d borehole 10191 migrated verbcally dumg the Phase II dnllmg operabons or 
Could be sbll trapped UI Trench T-3 

At borehole 24793 in the SVE m o t  Test program, two VOC samples were colllctted because 
elevated organic readlngs were observed in the field by the photoionizatm detector @ID) 
and the discolored scnl was observed in the borehole from the 7 7- to 8-foot sampling 
interval The 7 7- to &foot core samples were described in the field to be a residual of a 
NAPL that discolored the sod No free phase liquids wae observed for these samples. 
Elevated PCE (1,090,OOO pg/kg) and TCE (8,100 pg/kg) were detected in these samples 
Upon encoluntemg the NAPL in borehole 24793, dnllmg was stopped and the borehole was 
abandoned ta prevent further contaminant migrabon 

3.4 SOIL CHARACTERISTICS 

The surface soils at OU-2 are predominantly deep, welldraured loams, clay loams, and very 
cobbly sandy loams wth slow permeability The Rocky Flats alluvium wth the OU-2 area 
consist predominantly of beds and lenses of poorly to moderately sorted gravels and sands 
A few lenses of clay and silt also occur Results of geotechnical analyses are summanzed 
in Table 3 4-1 
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4.0 BASIS OF DESIGN FOR OFFGAS TREATME" 

The followmg secbons dew1 the design cntena used m the development of the offgas 
treatment alternabves. These cntena include offgas treatment det and discharge condibons, 
requirements and limtat~ons of the current SVE equipment and power suppl~es, regulatory 
requmments, and by-product generation and disposal requmments 

4.1 SVE DESIGN CRITERU FOR OFFGAS TREATMENT ALTERNATIVES 

Th~s secbon wll define the design cntena for the existmg SVE and SPSH systems These 
cntena unll be used to develop the design cntena for the offgas treatment alternatives 
Addibonal data is currently being collected to confirm the design cntena estabhshed for the 
SVE system in its present configuraoon This addibonal data may affect the offgas treatment 
final design cntena Expanding the capability of the current SVE and offgas treatment 
system for higher contanunant concentrabons and greater water vapor generated by SPSH 
requires review of the current system design and its limts 

4.1.1 SVE Criteria 

The existing SVE system was designed to extract soil gas from an alluwum extracbon well 
(AVl) or a sandstone extmcbon well (SV1) The soil gas stream is pulled through a 
demister in the knockout drum to remove enmned moisture The stream then passes 
through hgh efficiency particulate at (HEPA) filters to remove dust parhculates that may 
be contammated wth mhonuclides Finally, the an stream passes through two vapor phase 
granular actwated carbon GAC units (in senes) for VOC removal The treated a r  stream 
is then discharged to the atmosphere - 

-1 w 
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The SVE pdot unit is a transportable umt connstmg of the followmg major pieces of 
equipment as shown on Figure 4 1-1. 

0 Knockout drum 
0 L q d  transfea pump 
0 HEPA filters (3) 
0 Blowers (2) 
0 GAC umts (2) 
0 Au mjectlon blower 
0 Groundwater storage tanks (2) 

The design mtma for the system and each piece o1 equipment is summanzed in Table 
4 1-1 

The SVE pdot umt was designed to a National Elactnc Code (NEC) Class I Div. II electncal 
classificatmn The system is currently powered by a 125 kW transportable diesel generator 
Electr~cal requuements arc 460 voltd3 phased60 H z  

Current testing of the SVE technology w111 be under nine different sets of operating 
condibons to evaluate the system’s performance and its limits Prehmmary test data show 
the sod gas flow rate to the exrsttng offgas treatment system averagmg 11 4 cfm at 17 8% 
RH Other pprameters are hsted in Table 4 1-2 The maximum values for each parameter 
are the deslgo values The sod gas stream is diluted pnor to the offgas treatment Make 
up an averages approximately 275 scfm at an operabng pressure of 140 inches of water 
column vacuum 

Average concentrat~ons of cuntarmnants that have been seen in the soil gas stream (AV1) are 
shown on Table 4 1-3 
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TABLE 4.1-1 

EXISTING SVE EQUIPMENT DESIGN CRITENA 

Average Maxlmum 

System M o w  Rate 

System PresswdVacuum 
System Tempemtm 50°F (mlet) 

300 scfm @ 10 m Hg 

5 to 8 m Hg vacuum 

600 scfm @D 0 to 2 in Hg 

10 m Hg vacuum 
vacuum vacuum 

I 

140°F (d~scharge) 300°F 
Blower B300 

Blower B500 

HEPA filters 
FL-200 
FL-210 
FL-220 

300 scfm 

300 scfm 

600 scfm 
15 in Hg vacuum 
100°F temp nse 

500 scfm 
18 in Hg vacuum 
60°F temp nse 

500 scfm 
125 scfm 
500 sch 

10 m Hg operating vacuum 
Knockout Drum 100 sat 150 gal 

650 scfm 
Full vacuum ratmg 
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TABLE 4.13 

PILOT TEST SITE NO. 1 INLET CONDITIONS OF E X T R A O  
SOIL GAS AND MAKE UP AIR 

Parameter Mmmum Maximum Average 

Pressure (m Hg vacuum)' 2 10 9 8  
Sod Gas Flow Rate (scfm) 4 100 11 4 

Soil Gas Relatwe Hurmdity 5 100 17 8 
(%) 

Soil Gas Temperature (OF) 30 60 43 0 

I 

Makeup Au Flow Rate (scfm) 200 500 275 

Makeup Au Relabve 
Humidity (96) 

8 100 10 

Makeup An Temperature (OF) -10 110 60 
Combined Flowrate (scfm) 300 600 3 10 

The values for pressure measure the pressure drop, m inches of mercury, below one 
atmosphac, or 29 9 in Hg 
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TABLE 4.1-3 

AVERAGE VOC CONCENTRATIONS FROM 
COMPLETED PILOT TEST DATA 

AV1 Make Up Air Blower 300 
(ppmvlv) (ppmvlv) @Pmv) 

Analyte Average ConcentraQon' I 

cc1, 
PCE 

Total VOCs 

560 

750 

1,400 

OOOO9 29 3 
0.111 37 3 

0 117 70 6 

' Based on currently unvddated raw data from pllot Test No 1 ,  run 2-3 

I 
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The system was deslgncd to use two blowers in ser~es The blowers are located upstream 
and downstream from the GAC uruts Recent pilot test data (Table 4 1-4) have shown the 
discharge pressure and temperature from the first blower (B300) to be 5 to 7 m Hg vacuum 
and 90 to 120°F Discharge condibons from the exhaust blower WOO) are 0 1 to 0 3 psig 
and 125 to 150°F The dscharge a r  flowrate from the system has been 300 to 350 scfm 

The current offgas treatment method is a vapor phase GAC system (D-400, D-410) The 
carbon steel vessels are four feet in diameter, approximately 7.5 feet tall, wth a lined 
intenor for comuon pmtecbon The vessels are ASME code stamped and rated for full 
vacuum Basic design limts on the vessels are as follows in Table 4 1-5 Each column 
contams apprommately 1,800 pounds of coconut based actrvated carbon (Westates VACarbl 
or equivalent) Specificatrons for the carbon are also found in Table 4 1-5 

Table 4 1-6 shows m u m u m  concentrabons of each of the most prevdent VOCs and the 
corresponding removal rata for the contaminants 

The exlsbng SVE and GAC system descnbed above has the followng limtabons. the 
mmmum system flow rate and pressure are approximately 300 scfm at 10 m Hg vacuum 
The existing HEPA Nters are rated at 10 in Hg vacuum m m u m  and would have to be 
replaced to acheve a hghcr vacuum operahng pressure. The blowers are capable of 600 
and 500 scfm =mum at low vacuum operating pressure (0 to 2 in Hg vacuum) The 
knockout drum has a hmted capacity of 150 gallons. 

4.1.2 SPSR Criteria 

The SPSH will be tested at the same locatlon as the pllot Test Site No 1, Trench T-3 ("SS 
110) The test wdl be compnsed of three m a n  testing penods. 
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TABLE 4.1-4 

OPERATING CONDITIONS FROM COMPLETED PILOT TEST DATA 

Extracbon Well (1 10) 

Make Up Air (100) 

Before HEPA Fdter 
(2W 

After HEPA Fdter (201) 

After Blower 300 (300) 

After GAC 1 (400) 

After GAC 2 (410) 

After Blowet 500 (500) 

-9 79 NA 238 NA 586 NA 11 43 

-9 72 NA 240 NA 569 NA 272 86 

-10.58 -086 25 5 5 5 394 175 -- 

-10 83 -0 25 -- NA -- NA -- 
-5.57 +5 26 101 5 76 3 13 363 -- 
-379 +178 la2 05 -- NA -- 
-421 -042 8632 15 7 -- NA -- 
+.03 +4 24 138 3 52 -- NA 310 86 

P = pressure I 
AP = PressureChange 
T = Temperature 
AT = Temperature Change 
RH = Relave Humidity 
ARH = Relatrve Hmdity  Change 
F = Flow Rate 

Based on data from Pilot Test Nos 2-3 and 3-2 
* Temperature measured in GAC unit prior to discharge 
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TABLE 4.1-5 

EXWX'ING GAC DESIGN CRITERIA 

AU Flow Rate 
Temperature 
Pressure 
Pressure drop across umts 
Carbon Mgdm Parameters: 

Slze(US Sieve) 

Type 
Hardness no (mm , wt 96) 

Ash (max , wt 96) 

Moistwe (max. as 

CCl, Actmty (Mur.) 

Iodme No. (Mtn.) 

Rctentlvty (wt 96) 

Surface area (B.E.T) 

Pore Volume 
Mean parhcle dmnetcr 

Packaged, wt 96) 

ADDarent densitv 

300 scfm (average) 
70°F (average) 2W°F (max) 

8" Hg (average) 10" Hg (ma) 

-- 1.5 psi (max) 

600 scfm (max) 

4 x 8  

Coconut Shell 
97 
2 

2 

62 96 

1 
40 

1250 m2/g 

0 55 cc/g 

3 4 m m  
29 lb./ft3 

A A  * 
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SVE Test 

This test wdl be conducted over a few weeks to provide data on VOC concentrabons in the 
extracted sod gas wthout heating. This data wdl be used to compare wth the VOC 
concentrabons 111 the extracted sod gas seen dunng heabng as an indicabon of SPSH 
effecbveness The reqmmcnts for the offgas treatment unit for this segment of the test wlll 
be similar to those for mot Test Site No 1 

The heabng part of th~s test wdl be run for approximately 45 days Electrical power will' . 
be applied to the sod for heating dunng this bme Soil temperatures will increase to the 
bodmg point of water over an esbmated 10 day heat-up penod Dunng this time, steam will 
be generated and extracted from the subsurface The design condibons for this penod are 
lsted in Table 4 1-7 under the "Typical" operabon column When the bulk soil temperature 
has reached the bodmg point of water, the extracted gas stream from the subsurface is 
expected to have a fugh water vapor content The design condibons for this case are listed 
in Table 4 1-7 under the "Maxlmum Steaming" column 

After the so&h&ng has been disconbnued, the subsurface soil will go through a cooldown 
pen&, lastmg appmumately 2 months Dunng this bme, the offgas treatment unit will 
conbnue openibon The deslgn condibons for this case are listed in Table 4 1-7 under the 
"Typical" opcrabon column 

Power requirements for the SPSH are approximately 300 to 500 kW Addibonal power will 
be requlred for the offgas treatment system 
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TABLE 4.1-7 

DESIGN CRITERIA FOR SPSH 

Typicrl Mmmum Steaming 
Total flowrate (sdm) 300 500 

I Air flowrate (scfm) 150 50 
Water vapor flowrate (scfm, gpm) 
Temperature (OF) 150 212 
Pressure (inches Hg vacuum) 15 15 
VOC concentrabon (ppmv) (in combined au and steam) 6,500 20,000 

150 (0 8)  450 (2 5) 

VOC removal rate (lbs/hr) 20 - 30 260 
Total volume water generated (gallons) 45,000 45,000 I 
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4.1.3 SVE, SPSH, and Offgas Treatment Waste By-pFoducts 

Dunng normal operabon of the SVE, SPSH, and offgas treatment systems, by-products wll 
be generated The SPSH wll be generatmg a large quanbty of steam dunng operabon The 
steam producbon rate for SPSH is based on both an energy balance and expenmental field 
data If all of the power is assumed to be devoted to boiling water (1 e , the sod and water 
have been heated up to 100°C and there are no heat losses), a steam/condensate producbon 
rate of 3.5 gpm could be attamed The first step in the soil vapor extracbon process will be 
to condense the steam from the soil gas stream This condensate vnll rcquve storage and 
potenbal treatment pnor to disposal Accountmg for heat losses, the maxlmum flow is 
anbcipated to be 2 5 to 3 gprn A total of approximately 45,000 gallons of condensate is' 
esbmated to be produced 

The condensate wll contam varymg amounts of VOCs, depending on the offgas treatment 
opbon selected, and may require treatment pnor to discharge The opbons for treatment and 
disposal of this condensate (45,000 gallons) include the followmg existmg treatment units at 
RFP. 

e 881 H~llslde water treatment unit (ultrawolet [vvl oxdabon and ion 
exchange), which has a treatment capacity of 30 gpm, 
OU-2 Field Treatment Unit (precipitabon, membrane filtrabon,and GAC), 
whch has a treatment capacity of 60 gpm, 

e 

Both of these opbons are exlsbng treatment units with limited capacity and capabilittes 

A new treatment unit wll be required if the exisbng treatment units ge not avadable or 
capable of processing the condensate The evaluabon of the exisbng treatment systems will 
be completed as part of the demled design of the offgas treatment system Discharge 
opbons for treated condensate that include reuse as make-up for the scrubber, discharge to 
South Walnut Creek and discharge to the RFP Sewage treatment plant will also be evaluated 
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in the detaded d a g n  phase Typical opbons for tleatlng the condensate would be lquid 
phase GAC, W oxidabon, or au stnpping. Air stnppmg is esbmated to be the most cost 
effecbve altematwe The condensate would be pumped from a storage tank to an a r  stnpper 
system The au stnpper system would conslst of a tower unth packmg and sump, a blower, 
instrumentabon and controls, and a pump The exhaust gas contsilnmg VOCs from the sur 
stnpper would be discharged b t l y  to the atmosphere or into the urlet gas stream of the 
offgas treatment system 

Other waste by-products of the exlstmg SVE and GAC system include the used HEPA filters 
and the spent GAC Used HEPA filters wll  be disposed in the RFP Landfill if no 
radioacbvity is detected Should radioacttwty be detected, the used HEPA filters would be’ 
stored in a drum on ate unbl thew disposioon has been determined It is assumed that 
HEPA filters wdl be part of the system used for the SPSH pilot test as well as addibonal 
pilot tests Therefore, HEPA filters wll be a waste by-product of all pilot tests The spent 
GAC would be removed from the vessels and stored in drums on site The spent GAC, 
depending on its chemcal profile, could be sent off site for regenerabon Other potenbal 
opbons d u d e  off-nte d~sposal as a hazardous waste or on-ate regenerabon 

Some of the offgas treatment systems generate hydrogen chlonde (HCl) as a product of 
destructm The offgas is scrubbed wth caust~c wlubon to neutralize the acid pnor to 
discharge Thrs further treatment produces a spent caust~c soluhon which may require 
treatment pnor to disposal or storage. An opQon for treatment and disposal of the spent 
causbc solut~m would be the 374 Evaporator Facility at RFP This facility consists of a 
three stage chermcal treatment and a four stage evaporator The system has a capacity of 
34 gpm, but is not deagned to accept organic matcnals above detecbon limit The 
destructwe technologies requmng md gas scrubbing have DREs of 99percent or greater, 
so no detectable orgaruc compounds are expected 
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4.1.4 Otber Criteria 

In addibon to the above destgn cntem, several other general cntena are important to the 
selmon and b g n  of the offgas treatment system. The futwe system should be portable 
to enable the complete treatment system to be moved to another ute at RFP The treatment 
umt should have the flenbhty to expand its capacity for future projects wth mcreased 
treatment requmments The system should be capable of p&omng under future long-term 
operabons The future offgas treatment should incOcpOfate the exlstmg SVE system and be 
amenable to retrofittmg the existmg system. The system should be selfcontaured and rcqulre 
mnimal uthty hookups from the RFP site. 

4.2 ~ U L A ~ R Y R E Q W W M E N T S  
I 

The followng secbons dcscnbe the regulatory requmments that may be apphcable to the 
existmg SVE system and p0tent.d offgas treatment alkrnabves used for the pilot tests. Smce 
thrs IS a Comprehenswe Environmental, Response, Compensabon, and Lablllty Act 
(CERCLA) ate, Federal and State regulmons may be potenbally applicable to the offgas 
treatment systems bang evaluated. Therefore, Reaourcc Consmabm and Recovery Act 
(RCRA) and State au emssLon regulabons were mewed for thew apphcabihty to the 
treatment altemabves RCRA regulates the management, storage, treatment, and d~sposal 
of hazardous wastes State ar emmion regulatrons tegulate hazardous au pollutants (HAPS) 

4.2.1 Air Emission Require!ments 

Remediaoon of orgmc contaminated soils by the SVE technology can result III the release 
of VOC emissions to the atmosphere The VOCs of mm for thc pllot Test Sites No 1 
and No 2 are tetrachloroethylene (PCE), carbon tetrachlonde (CCl,), 1,l-dichlomthane 
(1 , 1-DCA), and tnchloroethylene (TCE) These compounds are listed as HAPs under the 
regulabons of the CDH 

- 
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The regulatory requummts for the emisson of these potential pollutants have been remewed 
and are summanzed below. Dependurg on esbmated emsslon rates, these requmments 
could mclude rnitd rc;portug to the CDH by submittmg an Au Pollut~on Ermssion N o t a  
(APEN) If the annual emission rate for each consbhrent is below the apphcable reportmg 
level, then an APEN is not mquuad for that parhcular HAP. As defined by the CDH in 

Regulabon 3 (August 30, 1993), the contartunants of conocfn for the pllot Test Sites No 1 
and No 2 arc categonzcd as HAPs and are assigned to Bins as defined by the CDH which 
include Bm A (PCE and CQ), Bin B (l,l-DCA), and Bm C (TCE) The level at which 
emsslons from the offgas treatment system would rcquve reportmg (submittal of a CDH 
APEN for each Bin) are: 

0 BIII C - 5000 lbdy 

These reporhng thresholds arc based on uncontrolled emssions The reporhng threshold for 
VOCs is one ton per year. Table 4 2-1 provides a comparison of the average VOC emission 
rate fiom the SVE system without offgas treatment to the maximum MEN reportmg rate 

Several offgas treatment technologies combust or oudm the VOCs and produce COz, water, 
and HCl m the exhaust gas. HCl is also listed in the CDH regulabons as a HAP and falls 
into Bin A. 

c 

In general, the VOCs and HCl are categonzed as HAPs and have levels that tngger 
reportmg, but at this t~me have no emission standards that must be achieved Therefore, 
only reasonably avatlable contml technology (RAW can bc applied (see CDH Regulabon 
No 7)  RACT allows the removal efficiency of thie offgas treatment system to be one that 
is commonly achieved by similar equipment used in other applrcahons For the purpose of 
this evaluatlon of offgas treatment alternames, RACT will apply and a removal efficiency 
of 95 percent or greater urlll be the cntena 
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TABLE 4.2-1 

COMPARISON OF EMISSION RATES TO CDH 
AIR POLLUTANT EMISSION NOTICE (APEN) CRITERIA 

1 B ~ A  I 
I PCE I 20 51 

I 

44,301 60 
, 
I 250 I 

TCE I 0.21 I 449 18 I 5 ,m I 
* Opemtmg Scenano 3 months (2,160 hours), 24 hours per day, 30 days per month 

Pilot Test Na, 2 is not expected to last more than 3 months 
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In additlon to VOCs and HCl, some offgas treatment technologres and assmated equipment 
produce rutrogen omde (NOJ, a cntena pollutant NO, enussons of 250 tons per year (tpy) 
designate a major source 

Potentd plantunde NO, emfmons at RFP are approxrmatcly 225 tons per year Thus, RFP 
is considered a m o r  source wth respect to Prevenuon of Significant Dctenorabon (PSD) 
regulahons However, NO, is also a precursor to PM-10. Since RFP is located in the 
Denver PM-10 nonattamment area, any sources of NO, would have to be wewed wth 
respect to the nonattamment permitting requirements for major sources in a PM-10 
nonattamment area The major source threshold m a nonattamment area is 100 tons per 
year The APEN reportmg thnshold for NO, is 1 ton per year 

Y 

I 

4.2.2 RCRA Requirements 

RCRA regulates the management, storage, treatment, and disposal of hazardous waste 
Hazardous waste is a subset of solid waste Solid waste is defined by the RCRA statute as 
"any garbage, refuse, sludge from a waste treatment plant, water supply treatment plant, or 
atr pollutlon control fxhty and other discarded mated mcluding solid, hqud, semisolid, 
or contatned gaseous mated. " While uncontaxned gases are not regulated by RCRA, it 
is EPA's policy that offgases from the treatment of hazardous waste are regulated under 
RCRA under the denved-from rule Thermal treatment umts, depending on the type of unit 
and how it wpuates, can be regulated under RCRA The Code of Federal Regulabons 
(CFR), Secw 40, Part 264 contams the standards for regulated units 40 CFR Part 266 
contam standards for recycling units Boilers and industnal furnaces are regulated under 
Part 266, Subpart H Part 264, Subpart 0 contaxns the incinerator standards Other types 
of thermal treatment units that do not qualify as either inmerators or - boderdindustnal 
furnaces could be regulated as miscellaneous units under part 264, Subpart X 

After review of Parts 264 and 266, it appears that thermal oxidabon technology could be 
considered an incinerator under RCRA and subject to the performance standards The other 
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opbons, flameless thermal dcstructron, catalytrc oxidahon, and high energy corona could be 
considered rmscellaneous units 

The inmerator standards m40 CFR Part 264 Subpart 0 contam a sectron on performance 
standards (Sectron 264 343) For hazardous waste (except dioxin wastes), the mcmerator 
must meet a destrucbon and removal effiaency @RE) of 99 99 percent for each pnncipal 
orgmc hazardous constrtuent The rmscellaneous unit standards have a general 
environmental performance standard in Sectron 264 601 This standard does not have 
specific DRE reqummmts but does, however, allow the requirements of Part 264, including 
Subpart 0, to be applied if they are appropnate for the mscellaneous unit being permitted 

RCRA does regulate an emssfons from process vents (40 CFR Part 264, Subpart AA) and 
equipment leaks (40 CFR Part 264, Subpart BB) at RCRA treatment, storage, disposal (TSD) 
facihbes The process vent standards apply to process vents associated wth disbllabon, 
fracbonabon, thm-film evaporatron, solvent extracbon, or a r  or steam stripping operabons 
that manage hazardous waste wth organic concentratrons of at least 10 ppmv/v if these 
operabons are conducted rn umts that are Subject to RCRA permittmg or hazardous waste 
recychng umts Closed-vent systems and control devices used to comply wth the pmwsions 
of Subpart AA are regulated at 264 1033 Enclosed control devices (e g , a vapor 
incinerator, boder, or proass heater) must reduce organic emissions vented to it by 
95 weight percent or greater, aclueve a total organic compound ConcentraOon of 20 ppmv/v, 
or provide a =mum Iesidence bme of 0 50 seconds at a minimum temperature of 1400°F 

It appears that RCRA may have applicability to some of the offgas treatment altemabves but 
to what degree would require a determinabon by the CDH RCRA division 

For the purpose of this evaluabon of offgas treatment altematrves, it is assumed that the 
organic emissions should be reduced by 95 percent as stated above This would be in 

agreement with the State requirement of RACT which has been esbmated to be 
approximately 95 percent removal 

- 
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5.0 TEC"OIx)<;Y IDENTIFICATION AND WREENING 

Th~s se!ct~on presents the potcnWy apphcable tcchnolog~es for treatment of VOCs rn a gas 
stream Each technology wdl be mewed and discussed rn gerreral terms. The technologies 
will undergo a prehrmnary screenmg wth respect to effiecbvencss and implementabhty. The 
technologies that pass the prelimary screening wrll be used to develop altemabves for the 
removal of VOCs from extracted sod gas 

5.1 TECHNOLOGY IDENTIFICATION AND SCREENING CRITERLA 

Table 5 1-1 presents the lrst of potentnlly applicable technologies for treatment of VOCs m i  
ar streams These technologies are drscussed in the followng secbons. 

TABLE 5.1-1 

POTENTIALLY APPLICABLE TEC"OU)GIES 

Granular Acbvated Carbon Ozone-W-Granular Acbvated Carbon 
- Offsite mencrabon AdwpbodCondensabon (Purus) 
- Offsite Dlsposat Condcns&on/Refngerabon 
- O n ~ i t e R ~ ~ ~ e r a t r ~ ~ ~  Flameless Thermal Oxidabon 

Membrane Separation Thermal Oxidabon 
Bio filtrabon Catalybc Oxidabon 
Chemcal Reducbon High Energy Corona 
Photmkhalogena~on 

The technologies were screened with respect to two major cntena 
implementabhty. These cntena were defined as follows 

effectweness and 
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Removal Efficmcy - How effbct~ve is the technology at moving the contarmnants of 
concern? 

1 

2 

3 

4 

Is the technology compabble wth the existmg SVE unit to mnimize 
modificatms to the process system? 
Technology matunty for speclfrc contamlnant - At what level of development 
is the technology (e.g , emerging, commemally avadable, etc )? 

Opcratmns - What items are nectssary for opcrabon and mamtenance of the 
technology (e g., mmcraQon requves combustton fuel)? 
Adverse impacts - If the technology is implemented, what wastes wll  be 
generated and can the waste! be treated a d o r  disposed of easily? 

I 

5,2 TECHNOIDGY D E " I 0 N  AND PRJUMINARY SCREENING 

5*2.1 Granular Activated Carbon (GAC) 

The GAC technology is prwently used for offgas treatment wth the existmg SVE pilot test 

umt. GAC media remove vapor-phase VOCs from gas streams by adsorpbon The gas 
stream is pa4ed through a packed column(s) of GAC medn and the treated gas is discharged 
to the atmosphere. The VOC loading rates for the GAC medla vary depending on the vapor 
phase consbtuents and thar mlet mcentrabons Once the GAC medla are saturated and 
VOC bmkthrough OCCLUS, the GAC media arc replaced The media are typically 
regenerated or disposed of off ate Regenerated media can subsequently be reused as 
treatment media However, VOC loading capacities for the regenerated GAC media are 
reduced through contmued regenerabon and recycling 
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GAC has been proven to be very effectwe at remmg VOCs from gas streams, with 
removal efficiencies of greater than 99 percent However, hgh concentrabons and flow rates 
can quickly saturate the GAC medm 

The high water content m the inlet gas stream expected wth SPSH wll require a condenser 
upstream of the GAC units The condensate removed from the soil gas stream may require 
further treatment pnor to Qsposal The GAC technology WIU require offsite regenerabon' 
or disposal-of spent carbon. Presently, the maximum opcratmg inlet concentrabon to the 
GAC units is 5,000 ppmv/v, and shutdown occurs when concentrahons exceed 10,OOO 
ppmv/v mgher concentrabons of VOCs anbcipated dunng SPSH would use more carbon, 
thereby genemg larger quanbtm of spent carbon 

5.2.2 Membrane Separation 

The membrane separabon process is based on condensabon and selecttve membrane 
permeability to VOCs versus oxygen, nitrogen, and other gases The extracted gas is Wt 
compressed to 150 p g  and then CooICd to approximately 35°F in a refngerant cooled heat 
exchanger Condensate is oollected and removed The uncondensed stream then enters the 
membrane -and is separated into a VOC nch stream and a VOC depleted stream The 
VOC nch stream is routed back to the soil gas stream pnor to the compressor The VOC 
depleted stream is then passed through GAC to remove the remaming VOCs The 
membrane separabon technology alone could achieve a 95 percent removal effiaency for 
VOCs GAC treatment would be added for increased VOC removal 
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Iifwwnw 

I Th~s technology alone does have the potenttal to meet the -mum 95 percent removal 
efficiency GAC pohshmg would have to be added to the treatment tram to &tam a greater 
than 95 percent removal effiacncy for VOCs 

Membrane separabon is commercially avadable and could be incorporated into the SVE unit 
at OU-2 Therefore, this technology wll be retamed for further considerahon 

5.2.3 Biohration 

Bioftltrabon was developed for the removal of orgarucs from gas streams The mr stream 
passes through achvated carbon media and adsorbs the VOCs Microbes on the acbvated 
carbon medm biologically reduce the VOCs to water and carbon dioxide. Biofiltrabon has 
not been demonstrated to process halogenated VOCs. 

This technology is not apphcable to the contaminants of c o n m  in the OU-2 au stream 
On this basrs, th~s technology wll not be retamed for considcrabon as part of a remedial 
acbon altedve. 

5.2.4 Chemical Reduction 

- 
A gas-phase thermo-chemical reduchon reachon of hydrogen with chlomated organic 
compounds at elevated temperatures produces lighter, smaller hydrocarbons The products 
are pnmanly HCI, hydrogen and methane The reachon is enhanced by the presence of 
water The waste stream is preheated to 300°F and then transferred to the reactor where it 

~oU-11001U57l) OMZRm (oIoI-94 P I k )  
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is heated to apprommately 1650°F The stream then passes through a scrubber where the 
HC1, heat, parhculates, and water are removed Nmety-five percent of the scrubber stream 

(pnmanly hydrogen and methane) is cmulated back to the reactor The remtung 5 percent 
is used for fuel for prehcatmg the waste Chemd reduction can not process streams 

contamng oxygen 

This technology is not effezbve for treatment of aw streams contaming oxygen Therefore, 
chenucal reducuon wdl not be retamed for further conslderabon 

5.2.5 Photo-dehalogenation 
I 

The process converts volatde halogenated compounds to less halogenated compounds or fully 
dehalogenated compounds by IlutEthng reachons rn a reduang atmosphere wth ultraviolet 
light The process mputs are hydrogen or natural gas, heat, and ultrawolet hght The 
pnmary products are dehalogenated organics and HC1 Therefore, a causbc scrubber wdl 
be needed to remove the HC1 pnor to ventmg, and a secondary treatment wll be needed to 
process the dehalogenated volatdes 

This technology is applicable for reducing the VOCs in the OU-2 sur stream, although 
secondary VOC treatment would be required The technology is emerging, so removal 
efficiencies are unknown 
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Equipment for thrs technology is not &y avadable 

Based on both effecbvenes and implemcntabihty, ttus technology wdl not be retamed 

5.2.6 OzoneW-Granular Activated Carbon (GAC) 

The ozone-UV-GAC system is compnsed of three unit processes, including a gas phase 
photolfic reactor chamber, a mst au dispemon rcactor/scrubber (aqua reactor), and two 

GAC adsorpbon beds The atfstrcam first enters the photolytrc reacbon chamber, where the' 
VOCs are oxldued m the presence of actwated oxygen (ozone, etc ) and ultramolet light 
The mist sur dispersion reactor/scrubber mamtams a urnform (100%) relabvc humihty level 
The contammants are further oxldized via reacbon wth acbvated oxygen in the reactor and 
HC1 and other non-carbonaceous chlonne species generated AS by-products of the m o n s  
with chlonnated orgamc compounds m the photolytrc and aqua reactors are scrubbed out of 
the gas stream The scrubbing solubon is contmuously recycled Finally, the gas stream 

passes through the GAC bed which adsorbs the remauung chlomted orgamcs. The water 
vapor in the gas stream quenches exothernuc adsorpbon m o n s  involwng PCE, CCI,, or 
ozone Dual GAC UN~S are cychcally operated in parallel, wth one operating m adsorpbon 
made whde the other operates in regenerabon mode The GAC beds undergo b l y  
regenerabon by employmg acbvated oxygen at ambient temperatures in a process that 
desorbs and destroys the captured contammants Thrs gas stream ftom the rcgcneratmg GAC 
umt is cycled back into the photolytrc reactor inlet and reprocessed. With the proper 
selecbon of methods for generatmg achvated oxygen and the proper selectlon of ultraviolet 
light frequency, no hindrances have been observed in destroyng CCt  or other chlonnated 
organic compounds 

I 
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"hs technology, wth a destrucbon removal efficiency @RE) of 95 to Wpercent, is 
effmve m mtmg the amtarrunants of umm in the OU-2 atr stream 

Although ths is a proprietary technology through a single vendor, it is commercially 
avadable and compabble wth the existing SVE unit To support the system, an acbvated 
oxygen generator is requuled Causbc wll be required to neutralize the HC1 that results 
from chlonnated orgmcs dcstrumon This wll generate a spent causbc waste stream 

This technology wdl be retaured for further considerabon 

5.2.7 AdsorptiodCondensation (PUNS) 

Th~s process IS based upon VOC adsorpbon, bed regenerabon, and VOC condensabon and 
collecbon The gas stream is passed through a packed bed of propnetary synthebc resin 
whch Temovcs VOCs Once the bed is loaded, the offgas is diverted to a fresh bed The 
loaded bed is regenerated by heating and flushing with nitrogen The VOCs are then 
condensed and transferred to a storage tank from the flush gas VOC removal is greater than 
99 percent. 

This technology promdcs a greater than 99 percent removal efficiency for the contaminants 
of concern rn the OU-2 au stream 

d 
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The equipment is compa~ble wth the existmg SVE umt and readily adable The system 
requves xutmgen gas and an upstream condenser, and waste streams would mclude the 
condensed water and the r e c o v e r e d  VOCs 

Therefore, this technology will be remned for consrderahon. 

5.2.8 CondensatiodRefrSgeration 

The stream is passed through stncs of heat exchanger(s) to cool the gas and condense water ’ 
and VOCs &om the exactad sod gas stream The coohng process can be accomplished m 
several steps and can use a CombiMtm of an heat exchangers, water heat exchangers, and 
refngerahon uruts. The treated strcam will require a secondary treatment to remove the 
residual VOCs (e g , GAC, eatalpc oxidahon, etc ) 

This technology is apphcable for treatment of the contaminants of concern in the OU-2 aur 
stream, although the ibddit~on of polishing GAC would be required to achieve the required 
cleanup goal. 

Tlus technology is companble wth the existmg SVE urut and, specifically, could use the 
extstmg GAC units for exhaust gas polishing This is an established, commercially avilllable 
technology whch requms only electncal power for operatton Waste streams would include 
water condensate, tccovered VOCs, and possibly spent GAC media 

This technology wll be re&uned 

i 
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5.2.9 Flameless "hemal Oxidation 

Flameless thermal destruction uses a packed bed thermal omducr opcmting at 1600°F to 
2000°F An m a t  ccrarmc matnx is used as the paclang matcnal to enhance fume mmng 
and also prowde thermal inerha A DRE of greater than 99 percent wth ncghgble NO, and 
CO produchon is a c h l e  An enthalpy content of the gas greater than 30 BntIsh Thermal 
Umts per standard cubic fat (BTU/scf) unll be self-sustiuning o m  operahng condihons are 
met (1 e ,  no supplemental fuel is required) Pnor to operahons, the paclung matenal is 
preheated by a cornbumon system or electnc heaters. The process is currently used for 
fugitwe VOC emsslon and process offgas abatement Recause the SVE offgas contans 
chlomated orgmcs, hydrogen chlonde (HC1) wll be produced and a caust~c scrubber will' 
be necessary to remove and neutralize the HCl pnor to discharging the offgas to the 
atmosphere 

This technology has a greater than 99 percent removal efficiency for the OU-2 au stream 
contanunants of concern 

Although cattshc scrubbmg IS required, this technology is amlable and compiabble with the 
existmg S V h m t  Ad&tIonally, an upstream condenser unll be required to remove water 
from the offgas stream, which wll reduce powar requuemcnts in the ondmr as well 
Waste streams wdl include the water condensate and spent caust~c from the scrubber 

This technology w11 be retamed for further considemon 
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5.2.10 Thermal Oxidation 

Thermal oxidabon destroys the VOCs by omdizmg the gas stream at temperatures of 1600°F 
to 2000°F wth a residence trme of approximately 2 seconds The OXidahOn system quires 
supplemental fuel to mc~easc the gas temperature for treatment HCl gas is produced, 
requmng removal and ncutdmbon pnor to dischaqe to the atmosphere 

This technology has a greater than 99 pemnt removal effhency for the OU-2 au stream 
contaminants of concern. I 

Although causbc scrubblng is required, this technology is avsulable and compahble wth the 
existmg SVE utut Addittonally, an upstream condenser wll be required to remove water 
Erom the offgas stream, whch wll reduce power requrrements m the oxid= as well 
Waste streams WIU include the WatCT condensate and spent causbc from the scrubber 

This technology wll be retamed for further considerabon 

5.2.11 Catalytic Oxidation 

Catalytx omdabon is  a process by which VOCs are oxidized in the presence of a catalyst 
The offgas is heated to approxrmately 700°F and passed over a catalyst where it is oxidized 
to carbon &oxide, water, and HCl. High contaminant loading rates may-cause heat build-up 
within the catalyst However, if the contaminant loading rate is known, the system can be 
designed to alleviate the heat budd-up. The process is conhnuous and can be implemented 
either as a once-through process or using recupexatme heat exchange to lower operating 
costs Conversion efficiencies are determined in the design phase and can range from 95 to 
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greater than 99 percent removal of contanunants dependmg on r e a d a m  bme and the 
speclfic catalyst 

This technology has a greater than 99 percent removal efficiency for the OU-2 an  stream 
contaminants of concern 

Although this technology requms a fuel source for combusbon and a causbc scrubber, it is' 
compabble with the exlsbng SVE unit and commercially avadable An upstream condenser 
will be requued to remove entmned water Waste streams wll mclude the condensate as 
well as spent causbc from the scrubber 

'Ihs technology wll be retamed for further considerabon 

A high voltage electnc field is established across a packed bed of dielectnc pellets to produce 
a low-temperature (near ambient temperature) plasma that destroys organics mttelle 1993) 
Because treatment occurs at low temperatures, high energy corona is not an incmerabon 
process, but is mstead classified as an advanced oxidabon process (AOP), along wth W 
oxidabon and ozonabon among others In pilot tests of the high energy corona system, 
99 percent destrucbon of TCE occurred at a residence bme of 1 2 seconds w h b  99 percent 
PCE destrucbon occurred at 3 3 seconds Further tests wth different dielectnc pellet 
matenals have demonstrated increased destrucbon rates The system may requlre d e t  
humidibes to be mantamed above 15 percent RH to mmmm stabc charge accumulabon and 
sparlang At higher humidibes (90 percent RH and above), longer residence bmes are 
required to avoid the formabon of significant levels (e g , 5 ppmv/v carbon tetrachlonde) 
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of by-products. Because the SVE offgas contsuns chlonnated organics, HCl wll be produced 
and a caustxc scrubber unll be naassary The concentratxon of NO, rn the offgas is 
appronmately 1 ppmvlv 

ThIs technology is apphcable to the OU-2 itlr stream contammants of concern Although this 
is an emergmg technology, the expected destructxon efficiency is greater than 99 percent for 
both chlonnated and non-chlonnated compounds 

\ 

This technology has been pdot tested mth an SVE umt and IS compabble with the exlstmg 

SVE umt The lugh energy m n a  reactors are modular, and the system can be expanded 
for mimal cost The ondmr system requires appronmately 14 kW of power Tests have 
been successfully completed unth lnlet concentratxons of 2,500 ppmv/v and 100 percent 
relafive humdity but only at a bench or plot scale level This technology will q u i r e  an 
upstream condenser to remove moisture and a downstream scrubber to remove HC1 produced 
by the high energy corona Waste streams will include HEPA filters, the condensate, and 
the spent caust~c. 

Smce this tedrnology is emcrgmg, it will not be retaxned for further consideratxon 

5.3 RETAINEDTECHNOLOGIES 

Table 5 3-1 presents the hst of potenbally applicable technologies for treabng the OU-2 SVE 
offgas Evaluauon comments regarding the effectweness and implementability of the 
technologies are presented, and each technology IS charactenzed as either retaned or not 
retamed for further evaluatxon The following technologies will be retamed for considerabon 
as part of remedial actxon alternabves 

- 1 
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GAC 
Membrane Squabon 
Ozone- W-GAC 
Adsorptm/Condcnsabon (Purus) 
Conden~dRefngmbon 
Flameless "hemal Oxidabon 

T h d  Oxdafion 
CatalyW Oxxlabon 

b "4 * 
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6.0 DEVELOPMENT AND EVALUATION OF ALTERNATIVES 

"Ius secbon develops each of the retamed technologies mto alternabves and descnbes how 
each of these technologm would be incorporated wth the exlstmg SVE plot umt The 
development of altemaavts d u d e s  idenbfymg assumpbons for design capacity, installabon, 
and operaQons These altematwes are then evaluated wth respect to effectweness, 
implementabihty and cost, and a companson of altematwes is performed Advantages and 
disadvantages for intcgratmn wth the SVE unit are also descnbed The followng 
altemabves are idenbfied for providing offgas treatment for the exisbng SVE Pilot Unit and 
the SPSH 

Exlstmg GAC treatment with offsite regenerabon or disposal 
Membrane separabon 
Ozone - W - GAC 
Adsorpbon/Condensabon (Purus) 
CondensabodRefngerabon 
Flameless thermal oxldrzahon 
Thermal omdabon 
Catalyt~c oxidabon 

6.1 SUMMARY OF DESIGN CRITERIA 

The design mtma for the SVE and SPSH systems have been discussed in deml in Secbon 
4 0 The desgn cntena used in developing the offgas treatment altemabves are summanzed 
in Table 4 1-7 The SPSH system requirements that have the most impact on the offgas 
treatment design cntena presented below 
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Total Flow Rate (scfm) 

A r  Flow Rate (scfm) 

Water Vapor Flow Rate (scfm) 
Condensate generauon (gpm) 

Temperature (OF) 

Pressure (inches Hg vacuum) 
VOC Concentrabon @pmv/v) 

VOC removal rate (lbdhr) 

Tvblcal 
300 

150 

150 
0 8  

150 

15 

6,500 

20-30 

- 
500 

50 

450 
2 5  
212 

15 

20,000 
260 

Total Water generated (gallons) 45,000 45,000 

VOC Removal Efficiency > 95 >99 

In addihon, the offgas treatment alternabves need to be flexible, rehable, portable, and 
proven at the sue and capacity being considered to meet the needs of the pilot tests and 
applicable for use wth other waste streams at RFP Each of the alternauves needs to 
incoprate as much of the exisung SVE equipment as possible into the overall treatment 
system The size of the system in the altemahve must be capable of handling the maximum 
steaming condibons 

6.2 DEVEM)PMENT AND SCREENING OF ALTERNATIVES 

Each of the retamed technologies is developed into an offgas treatment alternative based on 
the above deslgn cntena and descnbed in the following secbons. The alternabve 
descnpbons include process flow diagrams (PFDs), waste by-products generated, 
idenbftcabon of new major equipment, modificahons to the exisbng equipment, and uhiity 
requirements Cost eshmates are prepared for each altemauve Each of these altemabves 
is then evaluated with respect to effecbveness, implementability, and cost following the 
descnpaon of the alternabve Table 6 2-1 summms key components of the effectweness 
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and implemcntablllty of each alternatwe A summary of the overall d U a h O n  is shown on 
Table 6 2-2 

6.2.1 Existing GAC AIkrrrrdive with Orr-Sitc Regeneration or Disposal 

The exlstmg SVE system with GAC offgas treatment is housed in a portable semi-truck 
trader that can be moved to m o u s  sltes to conduct plot tests of the SVE technology The 
system is deslgned for an extraction capacity of 300-500 scfm at 10 inches of Hg vacuum. 
The system process flow is shown in Figure 6 2-1 The extractton system uses two blowers 
in senes to p m d e  vacuum. Two blowers were used for this applicabon to minirmze the 
SIZC of the vacuum system to fit inslde the trader The existing offgas treatment system' 
includes a knockout drum with a demster pad to remove entrruned liquids from the extracted 
soil gas. Dunng the SPSH pilot test, a condenser would be installed upstream of the 
knockout drum to remove water vapor or steam from the extracted soil gas stream The 
condensed water may requm further treatment wa au stnpping pnor to disposal. The 
exhaust gas from the au stnppcr would be routed back to the inlet of the existmg knockout 
drum to remove any mtrau~ed liquid The condensate may require storage in addibonal 
storage tanks. 

The extracted sod gas stnam IS routed through HEPA filters to remove parhculates pnor to 
treatment with GAC There is a potentd that radioactwe isotopes attached to mculates 
may be extr&%cd with the sod gas If the GAC becomes contaminated with radioactwe 
parhcles, it would become a muted waste and limit the disposal or regeneration opaons 

The two existmg GAC UNB, 1,800 pounds each, are installed between the two extracbon 
blowers The VOC concentrabons in the gas stream after the second GAC unit are expected 
to be at or neat nondetect levels. When organic breakthrough is observed between the two 
units, the lead unit will be taken off line The GAC media wdl be removed and replaced 
with new media, and the onginal lead unit put back on line as the second unit with the other 
GAC unit now as the lead urut 
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t. 

This altemabve would remove greater than 99 percent of the VOCs from the sol1 gas stream 
However, due to the bgh deslgn concentrabons of VOCs entcnng the GAC units, the GAC 
media will become saturated rapidly GAC replacement W l  be required approximately 
every 18 hours 

The majonty of the equipment for this alternative is already at the site The alternabve does 
require the addibon of a condenser and potent~ally an a r  stnpper and storage tanks tu 
manage the water System operatton requirements are lirmted to nominal electncal use and 
virgin or regenerated GAC By-products include HEPA Nters, spent GAC media that may 
be disposed or regenerated off site, and condensate that may require treatment pnor to 
discharge 

The reliability of the GAC alternattve for treatmg VOCs is hgh GAC has been used 
extensively to treat CCl, and other CHCs Inlet concentrabons are limited to 10,OOO ppmv/v 
to prevent a possible overheat situatlon Therefore, dllubon a r  may be required The 
system is e a d y  expanded to accommodate a higher VOC loading by installmg more GAC 
columns, either m senes or parallel Typical cost of an addibonal GAC vessel is $15,000 
The GAC dtcmabve is a farly simple process with few major unit operattons mcluding 
condensatm, GAC adsorpbon for VOC removal, and potenttally arr stnpping 

Capital and O&M cost esbmates for the existing GAC altematlve are shown m the Appendix 
on Tables A-1 and A-2 Capital costs range from approwmately $187,000 to $427,000 
O&M cost esttmates for three months of operation range from approximately $552,000 to 
$569,000 

I * +  
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6.2.2 Membrane Separation Alternative Using GAC Polishing 

The membrane sprat~on system would be a 600 scfm unit consistmg of a compressor, 
refngeratm umt, and membrane module as shown M Figure 6 2-2. Upstream of the 
system, a condenser and knockout drum would remove the bulk of the moisture from the 
extracted gas stream The condensate generated may require treatment ma an a r  stnpper 
and storage The exhaust gas from the a r  stnpper would be routed to the inlet of the 
knockout drum The membrane Separatron system first uses a compressor to increase the 
soil gas stream pressure to 150 psig and a refngerant cooled heat exchanger to cool the soil 
gas stream to 35°F Condensate is removed and pumped to a storage tank. The soil gas 
stream then enters the membrane module, wherc it is separated into a VOC nch stream and 
a VOC depkted stream. The VOC nch stream is returned to the inlet of the compressor for 
reprocesmg, and the VOC depleted stream is passed to the existing GAC units for polishing 
pnor to discharge to the atmosphere 

Modificatms to the exlstmg SVE unit include mstalIaQon of a condenser upstream of the 
knockout drum, potentd addihon of an ar stnpper system to treat the condensate, and 
addibon of the asmmted pumps and storage tanks The membrane separation unit would 
be a separate slad-mounted umt that would require pipmg modifications for installatlon 
upstream of the exlstmg GAC units 

This altematwe would remove greater than 99 percent of the chlonnated hydrocarbons The 
membrane separabon process operated as descnbed above requires GAC as a polishing step 
to remove CCI, This alternattve wth GAC pohshing can meet the cleanup goal 
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The eqwpment for thrs akmabve is commercrally wadable, and can be incaporated wth 
the exlsbng SVE eqwpment. "Rus would require major modificabons to the pipmg and 
exisbng system to mstall the membrane system between the knockout drum and GAC 
vessels. This alternabve has no hnut on the VOC inlet concentrabon or water content of the 
sod gas stream The power requvement for h s  altemabve is approximately 167 kW for a 
600 scfm unit By-products of this altcmatwe would mclude the KEPA filters, potentdly 
spent GAC, condensate whch may require treatment pnor to disposal, and a concentrated 
organic hquid that would reqm off site treatment and d~sposal 

Capital and O&M cost esbmates for the membrane separabon altemabve are shown in the 
Appendu on Tables A-3 and A-4. The cost of the membrane scparabon unit is 
appmnmately $200,000 Capital costs wth supportmg equipment required for this treatment 
altemabve range from appmnmately $559,000 to $800,000 O&M cost esbmates for three 
months of operabon range from appmnmately $246,000 to $263,000 

6.2.3 Omne+W-GAC Alternative 

The ozone-W-GAC system would be a 600 scfm unit consistmg of three separate slad- 
mounted mts that mclude a gas phase photolytlc mcbon chamber, a mist a r  dispersion 
reactor/scrubber umt and two new GAC units as shown in Figure 6 2-3. A heat exchanger 
(cooler) would reduce the temperature of the soil gas stream The extracted soil gas stream 
would enter the gas phase photolytw reactor chamber where the organics are oxidized by W 
hght m the presence of actwated oxygen (ozone, etc) The soil gas stream is further 
oxldized and scrubbed m the mist a r  dispersion reactor and then transferred through to the 
GAC units The remuning VOCs and ozone in the soil gas stream are adsorbed onto the 
GAC An actwated oxygen generahon system is required to support oxidabon and the GAC 

- 
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regeneratm step The remauung VOCs and ozone m the snl gas stream are-idsorbed onto 
the GAC The GAC would be regenerated wth activated oxygen on a dady basls 
Oxldabon of chlonnatcd VOCs wdl generate HC1 m the cxhaust gas that requrcs scrubbing 
A causbc scrubbtng system is included wth the mist a,u &sperston reactor to provide offgas 
treatment for acid gas fcmoval Chlonne would not normally be expected to reduce GAC 
adsorpbon capacity, although chlonne could ulbmately reduce GAC capacity At the loading 
rates antmpated, the chlonne is not expected to degrade the GAC to a level that requires it 
to be replaced d m g  the Me of the pdot study 

An addibonal blower, m conjunc%on urlth the exlstmg blowers, will pmwde a mimmal 
pressure drop across the ome-W-GAC umt The soil gas stream purged from the GAC, 
vessels UrllP be returned to the begrnning of the treatment unit. The only addibonal waste 
product is the spent causbc scrubbing solubon that may requite treatment pnor to disposal 

This altembve destroys greater than 95 percent of CCI,, PCE, and TCE Th~s altematwe 
meets the rcquvements for the cleanup goal 

The equipmat for tlus altcrnabve is commerdly avadable and can be incorporated rnto the 
emstmg SVE system wth moderate modificabons Th~s system has no hmtahons on VOC 
inlet concentratm This altcmatwe quires  an upstream heat exchanger (cooler), 
approximately 14 kW of e lectnd power, causbc, water and replacement ultrawolet lamps 
By-products that wdl be generated include spent caust~c, W lamps, HEPA filters, and 
eventually exhausted carbon. 

This is a relabvely new technology with a single vendor There are ten full scale systems 
currently opcrabng at commercial manufactunng facilihes which treat CHCs, but CCI, is not 

c 
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the pnmary contarmnant at these sites Therefore, the probabtllty of -le performance 
is esbmated to be moderate. Expandability of the system is achievable by lnstalling another 
actwated oxygen genenitor Thrs altemabve employs numerous umt opembons mcluding the 
photolytlc oxldatton, scrubburg, amvated oxygen generatm, and adsorpt~m 

Capital and O&M cost estsmates for the ome-W-GAC alternatwe are shown in the 
Appendrx on Tables A-5 and A-6 

The cost of the ozone-W-GAC unit is approximately $285,000 With the supporbng’ 
equipment &umd for ttus treatment alternatwe, the -tal cost is approumately $668,000 
to $937,000 O&M cost estsmates for three months of operatton range from approximately 
$86,000 to $122,000 

6.2.4 AdsorptiodCondion Alternative Using hrus Technology 

Th~s altematwe mcludes a 500 scfm adsorpbodcondensabon unit The extracted sod gas 
stream wdl first pass through a condenser and the existtng knockout drum to remove 
sigmficant quanbtm of water from the gas stream. The condensate may require treatment 
via an ar stripper to remove entratned VOCs before storage or disposal The soil gas stream 

from the CondtirScT wll pass through HEPA filters to remove parhculates. The condenser 
wll cool the gas stlram to approximately 40°F The maximum inlet temperature for the 
Purus module is 120°F The Pums system would be installed after the lead blower as shown 
in Figure 6 2-4 A sene of adsorpbon beds would remove the VOCs from the extracted 
sod gas As one set of beds is treating the sod gas stream, the other set is being 
regenerated The regenerabon process uses internal heabng coils in the adsorpbon beds to 
monitor the temperature of the adsorbent A vacuum pump also lowers the operabon 
pressure to help vola- the VOCs The VOCs from the regenerabon cycle are condensed 
in a two-stage condenser system operabon A mechanical refngerabon system provides 
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coolant for the condensmg step Nitrogen gas is also used to purge the adsorphon bed of 
VOCs pnor to further on-he use The concentrated orgamc liquid is t r a r r s f d  to an on- 
site storage tank for eventual disposal The pressure drop across the Punis module is 16 to 
20 inches of water column 

Modificabons to the exlstmg SVE unit include installatton of a new condenser before the 
exlsbng knockout drum, potenbal addrbon of an iilr stnpper system to treat the condensate, 
and additlon of the slud-mounted Puns module The concentrated organic hquid would 
require offsite treatment and disposal 

Effechveness I 

This altematwe would remove 95 to 99 percent of the CCl, and 99 percent of the PCE and 
TCE, the major contarmnants in the gas stream It removes both chlonnated and 
nonchlonnated c o m p n d s ,  and thus can meet the cleanup goal 

The Purus technology m this alternabve is technologxally mature and commemally 
avadable Tius altematwe can be merged with the existmg equipment wth moderate 
modificahons. High VOC mlet concentrabons can be accepted but the loading on the resins 
and desoxptm rate would be affected A soil gas stream wth 100 percent relatwe humidity 
can be acceptcd by this altemabve This altematwe requires approximately 20 to 30 kW of 
electncal power and compressed nitrogen gas By-products include HEPA filters, the 
condensate, and the concentrated organic liquid that would require off-site treatment and 
disposal - 

While this is a relatlvely new technology with a single vendor, there are about ten full-scale 
units treatmg CHCs Therefore, the probability of reliable performance is estlmated to be 
moderate The adsorbent beds are modular units, allowing easy addibons to increase the 
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removal capacity Thrs altemabve mvolves numerous unit operabons mcluding 
condensabon, au stnppmg, adsorptron, and refngmon. 

Capital and O&M cost csbmates for the adsorpbon/condensabon alternabve are shown in the 
Append= on Tables A-7 and A-8 

The cost of the Purus module is $300,000 With the supportmg equipment required for this 
treatment alternatwe, the -tal cost is approximately $731,000 to $971,000 O&M cost 
esbmates for three months of aperation range from approximately $214,000 to $231,000 ' 

6.2.5 CondensatiodRefrigeration Alternative Using GAC PoUshing 

The condenWodrefhgerahm system would be a 500 scfm unit as shown in Figure 6 2-5 
The extracted sod gas stream wdl pass through a condenser to remove significant quanbbes 
of water from the gas stream. The condensate will be collected and may requlre treatment 
via au stnppmg to remove VOCs before storage or disposal The soil gas stream exibng the 
condenser at 40°F wdl pass through HEPA filters to remove poutlculates. The condensing 
system wll be xnstalled after the lead blower, and the emsong GAC units and blowers could 
be used in thur exlstmg configurabons The condensers would be slad mounted and 
installed adjacent to the trader. A mechanical refngerabon system would prowde cooling 
medm to l o w  the sod gas stream temperature and promote further condenong of VOCs 
Because the operatmg temperature of -30°F is well below the k i n g  point of water, dual 

heat exchanger umts would be mstalled in parallel The system will be automabcally 
switched over to the second heat exchanger wlule the ongrnal system thaws The 
concentrated orgmc hquid would require offsite treatment and disposb. The condensing 
system with the exlsbng GAC units will provide a VOC removal efficiency of greater than 
99 percent 

I 
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Modificabons to the exlstmg SVE unit would mclude urstallabon of a condenser upstream 
of the knockout drum, potamal addibon of an au stnpper system to treat the condensate, and 
additmn of a shd-mounted refngcrabon system wth a recovery tank ups- of the exlstmg 
GAC uruts 

Thls altemabve would remove greater 99 percent of CCl,, PCE, and TCE, m addibon to 
nonchlonnated and other chlortnated compounds in the soil gas stream The GAC is 
q u m d  for p o h h g  to adsorb pnmanly CCI,, which is difficult to condense. This 
altemahve can meet the cleanup goal I 

The equipment for h s  altemabve is commercially avadable and is typical of the processes 
used in the chermcal manufacturvlg industry Therefore, this type of process would be 
moderate m rehabhty. 'Ihs altemaUve would q u i r e  major modificabons to mcorporate 
the exishng equipment. 'Ihs altemahve has no restnctms on the VOC inlet conmntrahon 
or water content of the soil gas stream The power reqmments are approximately 44 kW 
This process mvolves numuws umt operahons includmg condensahon, rehgerabon, au 
stnppmg, and adsorpQon, Mulbple units could be added to expand the capabihty of this 
system By-products mclude HEPA filters, the condensate, potenttally spent carbon, and the 
concentrated orgatuc hqud that r e q m  off-site treatment and disposal 

Capital and O&M cost csbmatcs for the condensabon/refngerahon al&abve are shown in 

the Appendix on Tables A-9 and A-10 
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The cost of the condensabonkfhgerabon equipment is apprommately $lsO,OOO With the 
supporbng eqwpment requmd for this treatment alternatwe, the capital cost IS appmmmately 
$445,000 to $687,000 O&M cost esbmates for three months of opuatm range from 
apprommately $215,000 to $232,000 

6.24 Flameless Thermal Oxidation Alternative 

The flameless thermal omdrzer would be a 1,OOO scfm umt as shown m Figure 6 2-6 The 
soil gas stream would pass through a condenser to remove most of the water The 
condensate may require treatment by an sur stnppmg system pnor to storage and disposal. 
The sod gas stream would pass through HEPA filters to the flameless thermal oxidizer' 
system The oxidwr is a carbon steel shell with refractory linmg and contans a packed bed 
matnx that supports the omdabon process The oxIduer operates at approxirnately 1800°F 
The preheater is used to heat the oxidizers' ceramic bed on system startup and prowde 
supplemental fuel as needed to mamtam the matnx at the opcrabng tempera-. The VOCs 
are oxidized to Ca, H,O, and HCl The exhaust gas from the oxidizer passes through a 
quench unit for cooling The exhaust gas is routed to a scrubber where the HCl would be 
neutralrzed by scrubbing wth causbc The scrubber system would include a causbc supply 
tank, fresh water supply tank, scrubber wth rccirculabon pump, and a spent caustsc solutson 
storage tank No treatment of the spent scrubber solutm is assumed at the pdot test site 
The scrubber system could be mstatled on the ondizer slad or on a separate sktd The 
scrubber system, caustsc storage, and mixing systems are assumed to be inside a secondary 
contamment area or designed with double walled system and leak detecbon 

The existmg lead blower in the SVE pilot unit should generate enough pressure wthout 
limibng the vacuum generabon capability The eustmg configurabon_of the two blowers 
operatmg in sems will have to be modified as the thermal oxidizer and scrubber system are 
typically not designed for the vacuum pressufes the SVE system can generate. There is also 
the potenhal that the existmg blower may also need to be replaced with one blower The 
flameless thermal oxldizer would be an external slad mounted unit The organic treatment 
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will be operated above atmospheric pmure Thts system can be desgncd, mstalled, and 
operated to provide the necessary treatment wthout hamg all the trcatnmt system deslgned 
for vacuum aperatlon A propane storage tank would be used to p m d c  fud for startup and 
supplemental fuel for operatton 

Mdficabons to the exlsting SVE unit would mclude installabon of a condenser upstream 
of the existing knockout drum, potend additron of an au stnppr system, and the 
mstallabon of the slad-mounted flameless thermal oxldlzer system wth potentdly a causbc 
scrubber unit 

l z fwuma I 

Thls dternattve would remove greater than 99 percent of the CCI,, PCE and TCE m addiQon 
to nonchlonnated and other chlonnated compounds m the gas stream, and would meet the 
cleanup goal 

The flameless thermal omdataon system is commercially aviulable and has been used at five 
sites for treatment of nonchlonnated and chlonnated compounds of which two sites are 
treatmg CCI, Tlus omdamn system can be incorporated mto the exlsbng equipment wth 
moderate mochficatrons. The oxidm system requires appronmately 45 to 52 kW of power 
This alternative has no Irmtabons on inlet VOC concentrabons and would be fsurly 
insensitwe to changes m mcentrabon 

The capacity or sue of the flameless thermal oxidlzer system could be expanded in the 
design phase by mcluding a larger blower, larger burner, and addibod- valvmg whch may 
add some to the capital costs. This altematwe includes several unit O p t r O n S  mcludmg 
condensabon, zLIr stnpping, flameless thermal oxidizabon, and acid gas scrubbing The by- 
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products from thls dtemabve, HEPA filters, condensate, and spent causbc, may require 
treatment pnor to Qsposal. 

Capital and O&M cost estrmates for the Flameless Thermal Oxidahon Alternahve are shown 
rn the Appendu. on Tables A-11 and A-12 The cost of the flameless thermal omdim 
equipment is approx~mately $270,000 Total capital costs wth the supportmg equipment 
required for h s  treatment alternahve are approximately $624,000 to $993,000 O&M cost 
esbmates for three months of operatron range from appronmately $103,000 to $167,000 

6.2.7 Tbenaal Oxidation Alternative 

I 

The thermal omdabon umt would be a 2,500 scfm unit that would be shd mounted, 
nomally 6 feet wde by 12 feet long, replacing the existmg GAC units as shown u1 Figure 
6 2-7 The extracted sod gas stream would pass through a condenser opcratmg at 40°F to 
remove the majonty of the water The condensate would be removed and may require 
treatment v u  an au stnpper pnor to storage and disposal. The soil gas stream would pass 
through HEPA filters for part~culate removal After exibng the filters, the soil gas stream 

would enter the thermal onduer. A porous ceramic burner mixes the soil gas, cornbushon 
zur, and fuel before combustron in the thermal oxidlzer The oxidizer opcrabng temperature 
ranges from 1400°F to 1800°F The exhaust gas from the oxiduer contams HCl and may 
require further treatment before discharge to the atmosphere The exhaust gas would 
undergo scrubbrng wth a caustrc solubon in the acid gas scrubber, removing greater than 
99 percent of the HCI The scrubber system would include a causbc supply tank, fresh 
water supply tank, scrubber wth recirculabon pump, and a spent caustrc solutmn storage 
tank No treatment of the spcnt caustrc solubon is assumed at the pilot test site The 
scrubber system, causbc storage, and mixing systems are assumed to be designed with 
double walls and leak detecbon 
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The exlstmg lead blower m the SVE pdot unit should generate enough prcssure generabon 
capacity wthout hmtmg the vacuum generabon capabtllty The exlstmg configurabon of 
the two blowers operaturg in mes wll have to be modrfied as the o m d m  and scrubber 
system are typically not b g n e d  for the vacuum pressures the SVE system can generate 
The thermal oxldrzer typically operates above atmosphenc pressure This system can be 
designed, mstalled, and operated to prowde the necessary treatment wthout hawg the 
treatment system designed for vacuum operabon A propane storage tank would be used to 
provide fuel for startup and supplemental fuel for operabon The exhaust gas from this 
altemabve contams less than 5 ppmv/v NO, 

Modificabons to the exlstmg SVE unit rnclude installabon of a condenser upstream of the' 
exisbng knockout drum, potenbal additton of an SUT stnpper system, and installabon of the 
slad-mounted thermal oxldlzer system wth potenbally a causbc scrubber unit 

This altemabve would remove greater than 99 percent of the CCl,, PCE, and TCE in 

addibon to nonchlonnated and other chlonnated compounds in the gas stream and would 
meet the cleanup goal 

The thermal oxdabon system is commercially aviulable and has been proven to be effechve 
at remomg CCl, The exlsbng equipment can be incorporated into this altemabve with 
moderate modificahons This oxidizer system requires approximately 7 to 14 kW of electnc 
power and propane as the fuel source This altemabve has a 5,000 to 6,000 ppmv/v 
maximum VOC mccntrat~on limit on the inlet to the oxidizer The pressure drop across 
the thermal oxldizer is 5 inches of water column The oxidizer system operates more 
effechvely with a r  streams at less than 80 percent relatrve humidity More water vapor 
content incremes the fuel consumpbon and dilution sur requirements 
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The thermal omdatron technology is c o m m e d y  avariable. The capacity or slzt of the 
thermal system could be expanded in the design phage by mcluling a larger blower, larger 
burner, and increased valmg which may add some to the capital costs Thts altcmatwe 
includes several umt opemtrons mcludlng condensing, sut stnppmg, thermal oxldmtron, and 
acid gas scrubbing 

By-products from th~s altematrve would be HEPA filters and potentrally a spent causbc 
solubon that may requve further treatment pnor to disposal 

Capital and O&M cost est~mates for the thermal oxldatron altemabve are shown in the 
Appendix on Tables A-13 and A-I4 The cost of the thermal oxidlzer equipment is 
approximately $73,000 Total capital costs wlth the supporbng equipment requmd for this 
treatment alternatwe are approx~mately $338,000 to $707,000 O&M cost estrmates for 
three months of operahon range from approximately $107,oOO to $170,000 

6.2.8 Catalytic Oxidation Alternative 

The catalpc omdatton system would be a 4,400 scfm unit smrlar in process flow to the 
thermal oxi-on shown m Figure 6 2-7 The size of the catalyt~c oxidatron urut is mcreased 
over the size of the other thermal units to add addihonal ddutron a r  to mantam a 5,000 
ppmv/v inlet concentratron The extracted soil gas stream would pass through a condenser 
to remove the majonty of the water vapor The condensate may requm treatment ma a r  
stnpping pnor to storage and d~sposal The soil gas stream then passes through the HEPA 
filters and to the catalyt~c oxldizer The catalpc oxldner operates at an inlet temperature 
of 650°F and an exhaust temperature of 850°F The SOII gas stream-passes through the 
catalyst where an exothermic reacbon converts the VOCs to CO,, water, and HCI 
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The exhaust gas from the ox1dmr may requm further treatment to neutral= HC1 The 
scrubber system would lnclude a causuc supply tank, fresh water supply tank, scrubber with 
recmulabon pump, and a spent causuc soluhon starage tank No treatment of the spent 
causbc solut~on is assumed at the pdot test site. The scrubber system and causbc stowe 
tanks are assumed to be mslde a secondary contlunment area or designed wth double walls 
and leak detechon 

The exlstmg lead blower m the SVE pdot unit should generate enough pressure capacity 
without hmitmg the vacuum genemuon capability. The exlstmg configurahon of the two 
blowers operatmg 111 mes wdl have to be mdfied as the oxi&zer and scrubber system are 
typically not designed for the vacuum pressures the SVE system can generate The catalyhc 
oxidlzer typically operates above atmosphenc pressure This system can be designed, 
mstalled, and operated to prowde the necessary treatment wthout havrng all the treatment 
system designed for vacuum operahon A propane storage tank would be used to provide 
fuel for startup and supplemental fuel for operahon The exhaust gas would contzun 
approximately 40 ppmv/v of NO, at 3 percent oxygen 

Modificauons to the e-g S V E  unit include installabon of a condenser upstream of the 
exlstmg knockout drum, potential addibon of an an stnpper system, and mstaUabon of the 
slad-mounted catalyt~c oxxlizer system wth the caushc scrubber unit 

This altemahve would remove greater than 99 percent of the CCl,, PCE, and TCE in 
addihon to nonchlonnated and other chlonnated compounds in the atr stream and would meet 
the cleanup goals 

4 r i J  
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The catalybc omdaQon system is commemally aviulable and has been proven on a full scale 
operabon to be effwbve at removmg CCl,, PCE, and TCE The existing equipment could 
be modified and rncoprated rnto the overall treatment system with moderate modificabons. 
The oxlduer system qw only 8 to 15 kW of electnd power, but would require 
supplemental fuel for mamtamng the oxidizer temperature. The pressure drop across the 
catalflc oxldmr system is 8 mches of water column. The inlet concentration to the oxidizer 
has a limt of 5,000 jpmv/v VOC and can operate at 100 percent relatwe humidity in the gas 
stream For hrgher mlet concentrabons, dilubon au is required to reduce the concentra~ons 
At hgh rclat~ve hum&tm, ad&tiond fuel is required I 

The technology has been used at more than a dozen sites at full scale operation to treat 
CHCs Therefore, its rehabhty would be moderate to hgh Enlargement of the system in 

the design phase is prefdle  to modifying an exisbng system This advance design wlll 
allow for parhbomng of the catalyst site, for later scaling up if necessary l h s  altematwe 
rncludes several umt operabons mcluding condensabon, atr stnpping, catalyt~c oxidizabon, 
and acid gas scrubbrng 

This altematwe would generate spent HEPA filters and a spent causbc solutson which may 
require furthez treatmeat pnor to disposal 

Capital and O&M cost -mates for the catalpc omdabon altematwe are shown in the 
Appendix on Tables A-15 and A-16 The cost of the catalyt~c unit is approximately 
WIS,OOO TOM capital costs wth the supprtmg equipment requind for this treatment 
altername are approximately $923,000 to $1,480,000 O&M cost esbmates for three months 
of operabon range from approximately $118,000 to $197,000 

x 0. - 1  
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6.3 COMPARISON OF ALTERNATIVES 

The altemabves described and evaluated in Sccbon 6 2 are further evaluated by companson 
to each other. Tables 6 2-1 and 6 2-2 present how each altcmatwe meets key requirements 
such as implementabihty, reliability, commercial avadabhty, and expandability and 
summarues the effecbveness, implementability, and cost of each altemabve 

All of the altemabves are capable of achieving a minimum removal efficiency of 95 percent 
or greater for VOCs Ozone-UV-GAC has achieved greater than 95 percent removal 
efficiencies for VOCs for units currently in operabon at commercial and industrial facilibes 
These units have successfully mantamed emissions compliance wth the Califom South' 
Coast Air Quality Management Distnct requirements The adsorpbodcondensabon and 
catalybc oxidabon altemabves each have been reported to achieve 99 percent removal of 
VOCs Condensabon/refngerabon, flameless thermal, and thermal oxidabon altematwes 
have been reported to acheve greater than 99 percent removal of VOCs The flameless 
thermal omdabon umts have successfully mammned emissions compliance wth the Bay Area 
Air Quality Management requirements 

All of the altemabves except ozone-UV-GAC wll require a condensing step pnor to 
treatment to remove the water from the soil gas stream Ozone-UV-GAC system uses the 
aqua reactor/scrubber for condensing water vapor from the gas stream Most of the 
altemahves can operate at 100percent RH inlet condibons but would operate more 

I effecbvely at less than 100 percent RH 

Only the oxidatson altemabves (thermal, catalyhc, and flameless thermal) will generate 
products of combusbon (CQ and H,O), including HCI and NO, NO, is regulated for this 

site NO, generated by the altemabves will be small quanbtles that are wthin the 
regulatory limts Ozone-UV-GAC will not generate NO, since it operates at ambient 
temperatures but will generate HCl HCI is a hazardous sur pollutant but is not regulated at 
this hme For this evaluabon, a caustic scrubbing system capable of approximately 
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99 percent removal has ban mcluded as a reasonable control alternabve for each of these 
alternabves The mbbmg process wll generate a spent caust~c waste from the removal of 
HC1 and carbon cbox~dc that may require treatment before drsposal Treatment of the spent 
causbc at the RFP 374 Evaporator facllity may be an opbon 

W l e  all of the altemabves are commercdly avolable, two of the technologies (adsorpbonl 
condensabon and ornew-GAC) are considered proprietary and avolable from one source 

All of the altemabves have bcen used on chlonnated organic streams contaming CCl,, The 
adsorpbodcondensabon (Purus) altemabve has been demonstrated at more than ten sites 
Most of the other altemat~ves have been demonstrated at fewer than ten sites Some of the' 
dtemabves use conventional processes such as condensabon, rchgerabon, and adsorpbon 
that have been used m the chemical mdustry for years The oxidatron altemabves, 
parbcularly thermal, use a process that has been used in the chemical and refining industnes 
for years The altmabves that use convenbonal processes wlll tend to be more rellable than 
other processes \ 

The amplest altemabve wth the least number of unit operations is the GAC altemabve 
Although GAC appears to be the simplest, it would also be operabon intensive due to 
frequent carbon change outs at the higher inlet VOC mncentrabons The oxidabon 
altemabves would be rclabvely simple if treatment of the condensate and scrubbing of the 
exhaust gas tu neutralize acids were not required The oxidabon unit would be the only 
major process eqwpment. There would be three major process units in the ozone-UV-GAC 
system in addibon to the actwated oxygen generators The VOC recovery type altemawes 
(adsorpbon/condensabon, condensabon/refngerabon , membrane scparatron) involve more 
process operations but the processes are convenbonal. The condensabonlrefngerabon and 
membrane separabon altemabves could encountes operabng problems with icing and thermal 
cycling With a more complex system, more complex operabon will result from the multiple 
unit operabons 
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Several of the alternabves are more flexible and can be expanded more casdy after the 
system has been bllllt The capacity or slzc of the thermal, catalyt~c, and flameless thermal 
oxidabon alternabves would be more easily and cost effecbvely expanded m the detruled 
design phase 

The GAC altematwe would produce the largest quanbty of by-product (spent GAC) that 
would require off-site treatment and disposal The VOC recovery type altemabves 
(admpbodcondensabon, condensabon/refngerabon, membrane separation) would also 
generate a significant quanhty of concentrated organics that would require treatment and 
disposal, probably inmratlon Final disposibon of the spent carbon or organic hquid would 
depend on their chermcal profiles For this evaluabon, costs were obtsuned from potenbal' 
off-site treatment/disposal facilibes but acceptance of these wastes was not confirmed 

Although GAC and the VOC recovery type altemabves are capable of rnehng the removal 
efficiency, the implementability of these altemat~ves would be more complex due to frequent 
carbon change out with GAC, mulbple process umts requiring greater and more frequent 
mamtenance, and the generabon of wastes requmg acceptance at an off-site 
treatmentldisposal facility Therefore the GAC, adsorpbon/condensation, 
condensabodrefhgerabon, and membrane separahon altemabves unll not be remned for 
further considerahon as the off gas treatment altemahve 

The ozone-W-GAC, thermal, catalyhc, and flameless thermal are all destrucbon 
alternabves These altemabves involve fewer unit operabons and would generate a 
potenbally nonhazardous spent causbc solution that could be treated and disposed on-site 
Depending on VOC destrucbon requirements, quanbbes of caushc for disposal may be 
significant Therefore, the destrucbon alternahves appear to be more compabble, Amble, 
and effectwe at removing the VOCs 

Of the oxidahon alternames, the catalytic oxidation altername would require a much larger 
system (4,400 scfm) capable of handling the maximum steaming conditions, because a large 

(*yF11001u.57l) m2 WT) (ma1 94 9 I h )  
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volume of dduhon au is required to mantarn its effectwe V t m g  temperature and to 
protect the catalyst at hrgh lnlet VOC condihons Its sue makes it more costly to achieve 
the same removal efficiency. Thrs altematlve will not be rct2uned for further considerahon 

The ozone-W-GAC altmatwe has been used on a much larger scale treabng 300,000 to 
500,000 scfm of VOC laden exhaust a r  from commemal manufactunng sites and has 
successfully demonstrated comphance wth discharge standards for chlonnated VOCs This 
altemabve is expected to achewe the same removal efficiency in a smaller scale unit 
Implementabihty of th~s alternatlve wll be more complex than a thermal oxidahon unit due 
to the multlple unit operations Therefore, this altemahve may be considered a potentml 
altematwe should the slmpler oxrdatton systems be imposed wth more stnngent offgas’ 
removal requuements 

The thermal and flameless thermal oxidahon altematwes are similar in cost and can achieve 
the desired removal efficienaes These types of units are currently being used at chemical, 
automobve, and mhtary facdihes and at refinenes for treatlng chlonnated compounds 
Thermal oxxdabon, whch is slmilar to flmng performed at chemical plants and refinenes, 
would be a very simple cost effmhve and reliable method of offgas treatment for this type 
of unit 

6.4 SUMMARY AND RECOMMENDATIONS 

As a result of the altemabve screening and evaluabon process, the thermal oxidabon 
alternahve is recommended as the offgas treatment dtemahve 

The thermal oxidabon employs a simple, proven process widely used in the chemcal and 
refinery industnes Advantages of the thermal oxidabon alternahve include greater than 
99 9 percent destrucbon of VOCs compared to 95% removal or destruchon by other 
alternahves, generahon of few non-hazardous by-products, simple process operation therefore 
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greater rellabrllty rn operabon, and is a cost effectwe technology that can be used for a wde 
range of mmtrabons as antmpated with SPSH 

Th~s technology has been used and proven at numerous srtes for destruchon of chlonnated 
organics and would work well wth the innovatwe technology being tested (SPSH) to more 
quickly remediate the soil at Trench T-3 

The system is fauly msenslbve to changes in concentrabons and will be able to handle the 
wide range anbcipatcd with the SPSH and can operate at concentrabons outside the 
anbcipated range The system can also operate at lower flow rates should site condibons 
prevent attamment of t y p d  or maximum steaming design condibons I 

The design of a thermal oxidabon system can be implemented in a umely manner Dunng 
this design, the treatment/disposal of the spent causbc at the RFP 374 Evaporator Facility 
wll be evaluatcd In addition, opt~ons for treatment and disposal of the condensate wll be 
further evaluated Contmgencies such as using the existmg GAC and reducing vacuum and 
temperature dunng SPSH wll also be considered in the dewled design phase 
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COST ASSUMPTIONS 

The cost tables developed for each of the offgas treatment alternabves in this Appendlx are 
order of magmtude esbmates The range of accuracy for these esbmates is typically assumed 
to be +50 percent/-30 percent The fotlowng summatizeS the assum@ons that were 
requlred in order to develop the cost tables for each of the offgas treatment alternabves 

Capital Cost Assumpbons. 

0 The emstmg GAC alternabve capital cost esbmate incorporates the cost for 
replacement carbon. The frequency of GAC replacement is assumed to be 
every 18 hours based on 15 percent loading and inlet VOC concentrahon of 
apprommately 6500 ppmv/v The cost for GAC replacement mcludes 
dehvery of wrgm carbon (about $1 28 per pound) and regenerabon of the' 
spent carbon (about $1 07 per pound) For alternabves using GAC as a 
pohshmg step, it is assumed that GAC loadmg rates are 25 bmes lower, 
whch would requm only 8,640 lbs of GAC for the d m o n  of the pilot test 

e A condenser is requmd to remove water vapor from the SVE gas stream in 
order to mantam the effiaency of the HEPA filters and to meet requvements 
of the offgas treatment technologies 

0 The condensate stream with entriund VOCs may need to be treated Two 
capital and W M  cost tables were developed for each alternabve one with 
and one wthout water treatment For these estimates, the water treatment 
system is mcludd to remove VOCs from the condensate stream and is 
assumed to be an an stnpper system that includes an atr stnpping tower with 
paclang and a sump, a blower, pumps, and mstrumentabon and controls 
Treated water wll be stored m five 10,OOO gallon, double walled tanks Two 
10,OOO gallon, double walled tanks from the exisbng S G  treatment system 
will be used to tempomly hold the condensate pnor to treatment 

A- 1 

I 
I 



a An acid gas scrubber is incorporated as part of the offgas treatment system 
to remove HCl from the gas stream for those altemabves using 
oxidabon/destrucbon technologies The scrubber system would mclude 
double walled tanks for the causbc and the spent causbc and a smgle walled 
tank for water storage The sue of the aad scrubber vanes with the slze of 
omdaboddcstxucbon system Costs for the a a d  scrubber were included with 
the quote from the omdahon/destrucbon system suppliers. 

a Propane is assumed to be the fuel supplement for the thermal and catalybc 
omdabon altcmabves 

a A 10,OOO gallon, double walled tank is also required for condensed orgamc 
liqud storage for the adsorpbon/condensation and condensabon/refngerabon 
altemabves that recover VOCs in liquid form 

For thn cost esbmate, it is assumed that each system wll be a self-contamed 
slad or trader mounted umt that will require ublity, piping, electrical and 
instrumentatton hookups Some site preparation and addibonal trader space 
is also assumed to be required Therefore, a lump sum esbmate has been 
used for other direct costs 

I 

a 

Operabons and Maurtenancx Cost Assumpbons. 

a The system wdl be operated 7 days per week, 24 hours per day for 90 days 
for Mot Test Site No 2 

a It is assumed that two operators am requlred on site dunng the enbre test 
penod They will each devote four hours per day to the offgas treatment 
altemabve A supervisor and a site safety officer will each devote four hours 
per week to the offgas treatment altemabve Other health and safety costs are 
due to miscellaneous personal protecbon equipment (PPE) 

0 Electnc uulity costs are $0 08/kWh 

A-2 



0 Raw matenals include GAC, propane, and causbc. The thermal omdabon 
altematlve is assumed to require mce as much propane as the catalybc 
oxidizer 

0 Hazardous waste disposal costs will include costs for concentrated VOC liquid 
disposal and spent GAC regenerabon Disposal costs per drum have been 
assumed to be $275 (per telephone discusstons wth offs~te trcatement disposal 
faalibes) 

Regenerabon costs for spent GAC are based on $1 07 per pound for 
treatment It is assumed that HEPA filters wll be disposed of on site The 
first of the two cost tables for each altemabve assumes that the condensate 
will remam on site and be treated at either the 881 Hillside water treatment 
unit, or the OU-2 Field Treatment Unit The second cost table includes 
capital costs for a new u r  stnpping system to treat the condensate. I 

Spent causbc treatment and disposal costs are not included It is assumed that 
this waste stream will remun on site and be treated at the RFP 374 
Evaporator Facility 

Other Assumpbons 

0 Permanent (hard line) electrical power is assumed to be avrulable Therefore, 
no costs for operabons and muntenance of portable diesel generators are 
mcluded 

0 Process water is avulable 
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